The effects on gut blood flow velocities of parenteral indomethacin (0-2 mg/kg) given either quickly as a bolus or slowly as an infusion were compared in consecutive studies of two groups of infants with symptomatic patent ductus arteriosus. In the presence of patent ductus arteriosus the range of velocities in the superior mesenteric artery before indomethacin was given was characterised by pronounced abnormalities including absent-or in some cases even retrograde-diastolic flow.
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In eight subjects the first rapidly given bolus dose of indomethacin (duration 20 seconds or less) caused a pronounced and sustained fail in the velocity of the superior mesenteric artery blood flow (mean peak systolic velocity (cm/second): before 74; after 38; median time to maximum fall 7-4 minutes; median time to recovery 50 minutes). A further 10 subjects received their first dose of indomethacin by slow infusion (duration 30-35 min) and the percentage fall in peak systolic velocity was both substantialiy less (22% compared with 47%) and later (median time to maximum fall 37-3 minutes) than after rapid infusion. Qualitatively similar but smaller changes were seen in the coeliac axis. Return of antegrade end diastolic flow in the superior mesenteric artery within one hour of the first dose of indomethacin was a good predictor of subsequent closure of the ductus.
These data suggest that there is a profound disturbance in mid gut perfusion in infants with patent ductus, which is exacerbated by indomethacin given rapidly by intravenous bolus. They may also provide a rational explanation for the well recognised association between necrotising enterocolitis and both patent ductus arteriosus and indomethacin administration. The The role of indomethacin in the management of patent ductus arteriosus in preterm neonates is well established.' 2 Its use is associated with unwanted gastrointestinal effects, however, including intestinal haemorrhage, local perforation, and necrotising enterocolitis. The reason for these is not known, and they have been described in association with oral, rectal, intramuscular, or intravenous administration.7 In addition local ileal perforation in neonates has been described after indomethacin has been used to inhibit preterm labour in their mothers. 8 Indomethacin has well recognised effects on the cerebral circulation. Intravenous boluses reduce cerebral blood flow in the adult human,9
and cerebral blood flow velocity in the newborn. 10 Eighteen preterm infants without symptomatic patent ductus arteriosus were studied (table 1). They were not matched with the study subjects for maturity, weight, or postnatal age. They were significantly more mature (p<0003), heavier (p<0 002), and studied earlier than the study subjects. Each was studied on several occasions (range [1] [2] [3] [4] [5] [6] (table 1) . There were no significant differences between these subjects and the first group in gestation or birth weight, although they were studied earlier than the first group (mean 4 days).
DOPPLER ULTRASOUND
A Hewlett Packard duplex pulsed Doppler ultrasound system with a 5 MHz short focus probe and high pass filter at 50 Hz was used to visualise the coeliac axis and superior mesenteric artery. Blood flow velocities were measured from a point just distal to the origin of these vessels at the aorta. The range of velocities from each vessel were recorded on videotape for later analysis by the analysis package contained within the Hewlett Packard system. The duplex system allowed measurement of the angle of insonation, which was kept between 0 and 40°. For analysis of the ranges at any time point, the following were measured over six consecutive cardiac cycles: (i) peak systolic velocity; (ii) end diastolic velocity; (iii) time averaged mean velocity; and (iv) the area under the peak velocity envelope. In another study we showed that the measurement with the least variation is the peak systolic velocity (RC Coombs, MEI Morgan, GM Durbin, et al; unpublished observations).
We were unable to determine accurately the diameter of the superior mesenteric artery or coeliac axis, and cannot therefore comment on changes in volume flow.
CLINICAL MANAGEMENT
Clinical management of the subjects with patent ductus arteriosus included fluid restriction to 90 ml/kg for 24 hours before the indomethacin was given. Any enteral nutrition was stopped for the hour before the indomethacin was given, and was not restarted until after the study.
ADMINISTRATION OF INDOMETHACIN
Indomethacin trihydrate (Indocid PDA; Thomas Morson) was given in intravenous doses of 0-2 mg/kg on three occasions, with 12 hour intervals between doses. Only velocity data concerning the first dose were used in the analysis.
Indomethacin by bolus For rapid infusion the indomethacin was diluted to 1 mg/ml with water or 5% dextrose and given as a bolus in 20 seconds or less.
Slow infusion of indomethacin For slow infusion, the indomethacin was diluted with water or 5% dextrose to a concentration of 0-2 mg/ml and infused over 30-35 minutes with a constant infusion pump.
In each study, baseline velocity measurements were recorded from the coeliac axis and superior mesenteric artery in the fasting state before, and for a period up to two hours after, the indomethacin was given.
After both the bolus dose and the slow infusion of indomethacin we calculated the time taken to reach the maximal change in velocity, and the magnitude of that change. velocity ranges in subjects with symptomatic patent ductus arteriosus were characterised by absent end diastolic forward flow, or in some cases retrograde diastolic flow (flow out of the superior mesenteric artery during diastole) ( fig  1B) . Coeliac axis Controls: At no time during the study periods was there absent or retrograde diastolic flow in any of the control subjects.
Study subjects: Retrograde flow was rarely seen in the coeliac axis, and in only eight cases (four in each study group), was there absent end diastolic forward flow.
EFFECTS OF INDOMETHACIN
Indomethacin by bolus Indomethacin led to a rapid and profound fall in peak systolic velocity, time averaged mean velocity, and area under the peak velocity envelope in the superior mesenteric artery (fig 2) , such that the mean (SD) peak systolic velocity fell from 74 (30) cm/sec before indomethacin was given, to 38 (13) cm/sec after the bolus (p<0 008).
In the coeliac axis the changes in peak systolic velocity were qualitatively similar but the magnitude of the fall was substantially less, being 63 (19) cm/sec before indomethacin was given and 43 (16) cm/sec after the bolus (p<003). The median time to the maximal fall in peak systolic velocity was 7T4 minutes (range 1-4-16) in the superior mesenteric artery and 8-0 minutes (range 3-5-26) in the coeliac axis.
After this profound fall in velocity within the superior mesenteric artery, the median time to recovery was 50 minutes (range . In the five subjects whose recovery times were longer than 50 minutes closure of the ductus was successful. In contrast, indomethacin did not permanently close the ductus in three of the four subjects whose recovery time for peak systolic velocity was less than 50 minutes.
Slow infusion of indomethacin
After slow infusion of indomethacin, the fall in peak systolic velocity in the superior mesenteric artery was not significant, falling from a mean (SD) of 71 (24) also greater in the coeliac axis after the bolus dose of indomethacin: (31% (range 3 to 65) after the bolus dose of indomethacin compared with -3% (range -72 to +39) with the slow infusion (p<004)).
After the slow infusion of indomethacin the time to the maximal change in velocity was also significantly longer in both the superior mesenteric artery and coeliac axis. In the superior mesenteric artery it was 37 minutes after the slow infusion, compared with 7-4 min after the bolus (p<0003). At the coeliac axis it was 38 minutes after the slow infusion, compared with 8 minutes after the bolus (p<0-0013) (figs 3 and 4).
Return of antegrade diastolic flow Return of antegrade diastolic flow after the first dose of indomethacin was the first clinical indication of the likelihood of closure of the ductus. Among the 18 subjects studied on 19
occasions there was a close association between return of antegrade diastolic flow within one hour of the first dose of indomethacin and sub- Indomethacin by bolus leads to a profound and sustained fall in splanchnic blood flow velocity, further compromising the vascular bed. The mechanism of the fall in velocity is not known, although similar changes have also been seen in the splanchnic circulation of cats and dogs after they were given indomethacin. 6 In cats the response was dose related and not inhibited by previous exposure to the known cycloxygenase inhibitor, meclofenamic acid. In dogs profound mesenteric vasoconstriction was seen after indomethacin had been given, but not after ibuprofen, which has a similar inhibitory effect on cycloxygenase. This supports the view that the vasoconstricting effect of indomethacin on the splanchnic circulation is independent of its actions on prostaglandin metabolism.
In two infants in whom the effects of all three bolus doses of indomethacin were recorded, we noted that the vasoconstricting response became progressively less. The percentage maximum fall in velocity decreasing from 58% to 7% and 50% to 16%. Similar effects have been reported in the cerebral circulation of adult man,9 but have not been examined in the cerebral circulation of neonates.
Necrotising enterocolitis, local intestinal perforation, and haemorrhage have all been documented in neonates receiving both parenteral and enteral indomethacin. Indomethacin given rectally in dogs profoundly reduced mucosal blood flow to the stomach, and the mid and distal ileum, suggesting that changes in blood flow may be just as important after indomethacin has been given enterally. '8 In the infant with tetralogy of Fallot in our study there was good antegrade diastolic flow before indomethacin had been given (7-2 cm/ sec). After the indomethacin had been given there was a pronounced fall in peak systolic velocity of 58%, which recovered after one hour. There was no apparent change in the clinical condition. This provides further evidence that indomethacin has effects on the splanchnic vascular bed which are independent of its actions on the ductus.
Our data suggest that the vasoconstricting effects of a bolus dose of indomethacin on a splanchnic vascular bed that is already compromised by a patent ductus arteriosus provide at least one explanation for the gastrointestinal side effects of indomethacin. This effect of a bolus dose of indomethacin can be avoided by giving the drug by slow infusion. No adverse gastrointestinal effects were seen when indomethacin was infused slowly, nor was there any apparent loss of efficacy in closure of the ductus. One infant with abdominal distension and blood and mucus in his stool, but with no intramural gas on abdominal radiograph, was successfully managed with a slow infusion of indomethacin. 
